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TECHNIQUES FOR SHARING CONTENT
BETWEEN PORTALS

BACKGROUND OF THE INVENTION

The present invention relates to portals, and more particu-
larly to techniques for sharing content between portals.

A portal provides a gateway through which users can
access various information sources, services, and applica-
tions. A portal may provide access to several portal compo-
nents including one or more portal pages, portal snippets, etc.
A portal page may comprise one or more portal snippets that
enable data to be retrieved and displayed on the portal page.
Portal snippets are generally programs that retrieve data from
an information resource and display it on a portal page.
Examples of portal snippets include portlets, SAP’s™
iViews, Plumtree’s™ gadgets, Microsoft’s™ web parts, etc.
Portals generally allow a user to select and customize portal
snippets that are included in the user’s portal page or pages. In
this manner, the user can customize the content that is
retrieved and displayed on the user’s portal page.

Due to their popularity and convenience, the number of
portals in organizations has seen a rapid increase. An organi-
zation may have several portals within their organizational
network such as corporate portals, Enterprise Resource Plan-
ning (ERP) portals, and other portals based upon the organi-
zation’s needs. For example, each business unit within an
organization may maintain its business content on a separate
portal. These portals may use portal servers from different
vendors such as SAP and non-SAP vendors such as Oracle,
IBM, etc.

In an environment comprising multiple portals, it is desir-
able that the portals be able to share content with one another.
This has given rise to a Federated Portal Network (FPN) that
creates a single network out of separate portal installations
and enables content sharing between the portals. FPN allows
an organization with multiple portals, including portals from
different vendors, to share content between the independent
portals. In such an FPN, it is desirable that a user of one portal
be able to access information, services, and applications dis-
tributed on other portals throughout the network that are
remote from the portal used by the user.

Various solutions have been proposed to enable sharing of
content between portals. However, conventional solutions are
plagued with several shortcomings and disadvantages. For
example, one solution allows remote content from a remote
portal to be copied to a local portal used by an end user.
However, once the content has been copied, it is disconnected
from the remote portal source and as a result any changes to
the content at the remote portal are not reflected on the local
portal. The administrator on the local portal has to recopy
content from the remote portal in order to be synchronized.
Other solutions do not allow customization of content on the
local portal. Many of these solutions also impose a burden on
the maintenance of the FPN. For example, updates to a par-
ticular portal in an FPN necessitate upgrades to all the other
portals in the FPN. This is inefficient and reduces the avail-
ability of portals. The Web Service for Remote Portlets
(WSRP) is a standard defined by OASIS technical commit-
tees and allows portlets from different vendors to be shared.
WSRP is however quite limited in its functionality.

In light of the above, improved techniques are desired for
sharing content between portals.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention provide techniques
for sharing content between portals. A producer portal may
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identify content to be shared with one or more consumer
portals. One or more of the shared content objects may then be
copied to a consumer portal as remote delta link objects.
Changes or modifications to the source object at the producer
portal are automatically reflected in the corresponding target
remote delta link object on the consumer portal. Any modi-
fications or customizations made to the remote delta link
object at the consumer portal override those of the producer’s
source object. In this manner, changes made to the second
object are reflected in the first object while preserving the
changes/modifications made to the first object on the first
portal.

In one embodiment, a target object created on a consumer
portal inherits attributes from a corresponding source object
on the producer portal. As a result of the inheritance, changes
to the source object on the producer portal are automatically
updated in the corresponding target object on the consumer
portal, except for when an attribute of the target object has
been modified directly on the consumer portal. Changing an
attribute of a target object on the consumer portal breaks the
inheritance for that particular attribute. In this manner, an
attribute modified on the consumer portal due to customiza-
tion and/or modification on the consumer portal is preserved.

According to an embodiment of the present invention,
techniques are provided for sharing content between portals.
A first object is created on a first portal, the first object
corresponding to a second object stored on a second portal
remote from the first portal. An attribute of the first object may
be modified on the first portal. The first object provides a link
to the second object stored on the second portal such that a
change to the second object on the second portal is reflected in
the first object on the first portal except for a change made to
the second object on the first portal.

The second object for which the first object is created may
be selected from a set of objects stored by the second portal.
The set of objects may be stored in a portal content directory
of'the second portal and the first object that is created may be
stored in a portal content directory of the first portal. In one
embodiment, the second object may be a portal snippet, a
role, a workset, or a page.

In one embodiment, a request may be received at the first
portal from a client for content corresponding to the first
object. Integrated content may be provided to the client
responsive to the request, wherein the integrated content
reflects content corresponding to the second object on the
second portal and one or more modifications to one or more
attributes of the first object made at the first portal. The client
may be a browser.

In one embodiment, responsive to a request received from
a client, a state of the first object is determined at the first
portal, the state including information related to the one or
more modifications to the one or more attributes of the first
object made at the first portal. The second portal receives the
state of the first object. This may involve communicating the
state of the first object from the first portal to the client and
then communicating the state of the first object from the client
to the second portal. At the second portal, the integrated
content may be determined based upon the state of the first
object and the second object on the second portal.

According to an embodiment of the present invention, the
first object on the first portal is synchronized with changes to
the second object on the second portal, wherein the synchro-
nizing does not synchronize any attributes of the first object
modified at the first portal. In this manner, changes made to
the second object are reflected in the first object while pre-
serving the changes/modifications made to the first object on
the first portal.
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According to an embodiment of the present invention,
techniques are provided for displaying portal content. A
request is received at a first portal from a client, the request
requesting content for a web page provided by the first portal,
the content for the web page including content corresponding
to a first object stored on the first portal, the first object
providing a link to a second object stored on a second portal
remote from the first portal. Integrated content is then gener-
ated on the second portal, the integrated content reflecting
content corresponding to the second object on the second
portal and reflecting one or more modifications made to the
first object on the first portal. The integrated content is pro-
vided to the client for display in the web page.

The foregoing, together with other features, embodiments,
and advantages of the present invention, will become more
apparent when referring to the following specification,
claims, and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a simplified block diagram of a network of portals
that may incorporate an embodiment of the present invention;

FIG. 2 depicts creation of a target object on a consumer
portal that provides a remote delta link to a source object on
a producer portal according to an embodiment of the present
invention;

FIG. 3 depicts a simplified high-level runtime flow for
content retrieval and rendering activities according to an
embodiment of the present invention;

FIGS. 4, 5, and 6 depict examples of design time and
runtime relationships between objects on a producer portal
and a consumer portal according to an embodiment of the
present invention; and

FIG. 7 is a simplified block diagram of a computer system
that may be used to practice an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, for the purposes of explana-
tion, specific details are set forth in order to provide a thor-
ough understanding of the invention. However, it will be
apparent that the invention may be practiced without these
specific details.

Embodiments of the present invention provide techniques
for sharing content between portals. FIG. 1 is a simplified
block diagram of a network 100 of portals that may incorpo-
rate an embodiment of the present invention. Network envi-
ronment 100 depicted in FIG. 1 is merely illustrative of an
embodiment incorporating the present invention and is not
intended to limit the scope of the invention as recited in the
claims. Embodiments of the present invention may be incor-
porated into various other systems and devices. One of ordi-
nary skill in the art would recognize other variations, modi-
fications, and alternatives.

As depicted in FIG. 1, network 100 comprises a number of
portals 102, 104, 106, and 108. Network 100 may be a fed-
erated portal network (FPN) comprising distributed portal
installations from one or more vendors that share content with
one another. This gives users at each location a single portal
access point, enabling them to gain seamless access to infor-
mation, services and applications distributed on portals
throughout the entire organizational network.

In network 100, a portal can play two roles as a producer
and/or as a consumer. A producer portal is a portal that
exposes its content for consumption by other portals in the
network. A consumer portal is a portal that accesses and uses
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4

remote content provided by another producer portal in the
network. A producer portal is thus the source of the remote
content that is being shared and the consumer portal is the
consumer of the shared content. A portal may act as a con-
sumer and a producer at the same time.

The embodiment depicted in FIG. 1 comprises a consumer
portal 102 and three producer portals 104, 106, and 108. Each
producer portal may provide access to different types of data,
services, and applications for consumption by consumer por-
tal 102. For example, as depicted in FIG. 1, producer portal
104 provides access to ERP data and services 110, producer
portal 106 provides access to Customer Relationship Man-
agement (CRM) data and services 112, ERP data and services
114 and various applications 116, and producer portal 108
provides access to CRM data and services 118.

In order to facilitate content sharing, a producer portal may
identify content owned by the producer portal that is to be
made available for sharing with other remote portals. For
example, an administrator of producer portal 106 may iden-
tify content 120 on producer portal 106 to be shared with
other remote portals. Content 120 is thus available for con-
sumption by other portals. The shared content may include
iViews (in general, portal snippets), pages, roles, worksets,
etc. The content to be shared on producer portal 106 may be
exposed by setting the appropriate portal permissions associ-
ated with the content. Shared content 120 may comprise a
number of content objects including content object 122
depicted in FIG. 1. For each exposed content object, permis-
sions may be set by an administrator of producer portal 106
that enable sharing and consumption of the content object by
other remote portals. These permissions may include permis-
sions that are applicable to all consumer portals in general
and/or permissions that are applicable to specific consumer
portals that have registered with the producer portal. The
content made available for sharing may be stored in a Portal
Content Directory or PCD of producer portal 106. The con-
tent can be viewed from the consumer’s content catalog.

Consumer portal 102 may then access the content exposed
by a producer portal for sharing such as content 120 exposed
for sharing by producer portal 106. In one embodiment, an
administrator of consumer portal 102 defines a connection to
producer portal 106 and registers the consumer portal with the
producer portal. Once content 120 on producer portal 106 to
be shared has been defined, the administrator of consumer
portal 102, with the requisite permissions, may access and
browse the shared content to identify content to be consumed
by the consumer portal. As previously indicated, in one
embodiment, the shared content may be stored in the PCD
and can be viewed/browsed for in the Portal Content Catalog
of producer portal 106. An administrator of consumer portal
102 may browse the Portal Content Catalog of remote pro-
ducer portal 106 and identify one or more of the exposed
content objects to be copied to consumer portal 102. The
administrator on consumer portal 102 may select relevant
roles, worksets, pages, iViews, etc. residing on producer por-
tal 106 or folders storing one or more content objects on
producer portal 106 to be copied to consumer portal 102. The
copied content objects are created locally on consumer portal
102 as remote delta link objects. Each remote delta link object
on consumer portal 102 provides a link to the corresponding
content object on producer portal 106. In this manner, an
administrator on consumer portal 102 may create remote
delta links on a consumer portal to content objects residing on
a remote producer portal.

A remote delta link object created on the consumer portal
for a content object residing on the producer portal is referred
to as a “target object” corresponding to the content object on
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the producer portal. The content object on the producer portal
for which a target remote delta link object is created on the
consumer portal is referred to as a “source object” corre-
sponding to the target object. For example, as depicted in FIG.
1, a target remote delta link object 124 is created on consumer
portal 102 for a source remote content object 122 stored on
producer portal 106. The consumer portal may clone the
complete portal content structure (roles, worksets, pages,
iViews, etc.) of the producer portal or portions thereof In one
embodiment, the remote delta link objects are stored in the
PCD of consumer portal 102.

FIG. 2 depicts creation of a target object on a consumer
portal that provides a remote delta link to a source object on
a producer portal according to an embodiment of the present
invention. As depicted in FIG. 2, a content object (iView A)
202 exists as a local entity on producer portal 200 and
executes an application 204 residing on the same portal. At
design time, an administrator on consumer portal 206 may
create a target object 208 (iView B) on consumer portal 206
corresponding to source object 202 on producer portal 200.
Target object 208 provides a remote delta link to source object
202 on producer portal 200 and is accordingly referred to as a
remote delta link object.

Once one or more remote delta link objects have been
created locally on the consumer portal, the remote delta link
objects may be managed like any other local content on the
consumer portal. For example, remote delta link object 124
may be managed as a local object on consumer portal 102.
Remote delta link object 124 may be reused, configured, and
customized as local content on consumer portal 102.

A remote delta link object on the consumer portal may be
customized on the consumer portal to suit local needs. The
customizations or modifications may be performed by an
administrator of the consumer portal or by the end user. These
customizations however do not affect the source object on the
producer portal. Accordingly, changes made to remote delta
link object 124 do not affect source content object 122. The
customizations/modifications may include modifying one or
more attributes of the target object. Modifying an attribute
may include a property of a remote delta link object, hiding
content (e.g., hiding existing content in a page object),
switching layouts (e.g., switching layouts already assigned to
aremote delta link content object (e.g., a page)), and the like.

The remote delta links mechanism provides for inheritance
of attributes. A target object created on a consumer portal
inherits attributes from a corresponding source object on the
producer portal. As a result of the inheritance, changes to the
source object on the producer portal are automatically
updated in the corresponding target object on the consumer
portal. Changes made to a target object on the consumer
portal override those of the source object on the producer
portal. Changing an attribute of a target object on the con-
sumer portal breaks the inheritance for that particular
attribute. In this manner, an attribute modified on the con-
sumer portal due to customization and/or modification on the
consumer portal is preserved. Accordingly, remote content
may be modified on the consumer portal as a result of cus-
tomization, but at the same time the unmodified content is
synchronized with its source content on the producer portal.

Remote delta link objects stored on a consumer portal may
be embedded into local content (e.g., pages, worksets, roles)
offered by the consumer portal and assigned to local users of
the consumer portal. In this manner, remote content stored on
the producer portal may be offered to a user of the consumer
portal along with local content stored on the consumer portal.

At runtime, a client (user) may request content from con-
sumer portal 102. The content request may be initiated from
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a client program such as a browser 128 running on a user
system 126 depicted in FIG. 1 or other program or applica-
tion. For example, in the process of rendering a web page,
browser 128 may request content for the web page from
consumer portal 102. The content request is communicated
from browser 128 to consumer portal 102. The requested
content may include content that is local to consumer portal
102 and also remote content (due to a remote delta link object
being embedded in the web page) stored by aremote producer
portal such as producer portal 106. In response to the content
request, processing is performed by consumer portal 102 and
producer portal 106 such that the local content from con-
sumer portal 102 and the remote content from the producer
portal are both provided to browser 128 in a seamless inte-
grated manner, thus providing a continuous experience for the
end user.

The remote content for the remote delta link objects is
executed on the producer portal. The application executing
the remote content thus executes on the producer portal. Due
to the inheritance, any changes to the remote content on the
producer portal are reflected in the content provided to the
user, unless the content has been customized on the consumer
portal, in which case the customized content is provided to the
user. In this manner, remote content sharing is enabled such
that modifications to the content at the remote content source
are reflected in the content provided to the browser while also
allowing local content customizations. Further details
describing a method for providing content to a client in
response to content request are provided below.

Various activities may be performed on a producer portal
and a consumer portal prior to runtime to facilitate sharing of
content using the remote delta link technique. In one embodi-
ment, these activities may be performed by administrators on
the producer portal and the consumer portal. Some activities
may need to be serialized, while others may be performed in
parallel on the producer portal and the consumer portal. Vari-
ous tools may be provided on the producer portal and the
consumer portal for performing these activities.

The activities may include: (1) Configuring user repository
settings on the producer portal and the consumer portal: In
one embodiment, user repository settings on the producer
portal and the consumer portal are set such that the user base
used by the producer portal comprises information related to
users of the consumer portal that will be accessing remote
content stored on the producer portal. This is because in some
embodiments the remote content is executed on the producer
portal using the user’s profile from the consumer portal.
Accordingly, the producer portal is provided access to the
user information so that the producer portal has knowledge of
the user of the consumer portal and the user can be success-
fully authenticated and authorized during runtime.

There are various ways in which consumer portal user
information may be provided to the producer portal and the
consumer portal. In one embodiment, a single user base may
be used that can be accessed both by the producer portal and
the consumer portal. In another embodiment, distributed user
stores may be used with exact or partial duplication of infor-
mation on one or more consumer portals and producer por-
tals. In one embodiment, the user logon identifier is identical
across various user bases.

(2) Configure proxy settings for the producer portal and the
consumer portal: Network proxy server settings may be con-
figured to enable communication between the servers hosting
the producer portal and the consumer portal.

(3) Establish trust between a producer portal and a con-
sumer portal: In one embodiment, trust needs to be estab-
lished between the producer portal and the consumer portal so
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that users on the consumer portal are recognized as authenti-
cated users when they request content from the producer
portal. Setting up trust involves coordination between the
consumer portal and the producer portal. In one embodiment,
certificates may be used to establish trust. A portal server
certificate file (verify.der) for the consumer portal may be
downloaded from the consumer portal to the producer portal.
On the producer portal, the certificate file may be imported
and used to define certain parameters to complete the trust
configuration.

(4) Configure registration password on producer portal:
For increased security, a producer portal may set a registration
password that a consumer portal needs to enter upon regis-
tration with the producer portal.

(5) Define initial caching configuration on consumer por-
tal: In one embodiment, a dedicated caching service is pro-
vided for consumer portals running in a federated portal sce-
nario. Its purpose is to reduce network trafficking to the
producer portal by storing semantic objects on the consumer
portal-side for reuse. The settings for the caching service may
be setonthe consumer portal. Various properties for the cache
may be set such as the maximum number of objects that can
be stored in memory cache, when the memory cache is full,
the first-in-first-out (FIFO) method applies, the maximum
amount of time (in seconds) a cached object can remain in the
cache until it is invalidated, etc.

The cache settings may also define the frequency at which
the remote delta link content on the consumer portal is
updated with modifications made to their source objects on a
producer portal. This may be performed per a schedule (de-
fined by the cache settings) or manually. In the remote delta
link mode, objects are also cached on the producer portal to
reduce the number of round-trips between the producer portal
and the consumer portal. In one embodiment, the producer
portal automatically sends content modifications in source
objects to their corresponding target remote delta link objects
on the consumer portal once every hour. This interval is
configurable. An administrator on the consumer portal may
initiate a request for a content update from its producer por-
tals.

(6) Identify content to be shared on the producer portal by
setting appropriate permissions: An administrator on the pro-
ducer portal may set permissions associated with content
objects on the producer portal so that a consumer portal can
view and copy the producer portal shared content and users
accessing a localized iView on the consumer portal can run
the portal component located on the producer portal. An
administrator on the consumer portal may also set permis-
sions so that the shared content on the producer portal is
available to administrators and end users on the consumer-
side. In remote delta link mode, the portal application on the
producer is executed at runtime. End-user permissions are
assigned to the relevant users from the consumer portal to the
iView on the producer portal. Different levels of permissions
may be assigned.

(7) Consumer portal adds a producer portal: An adminis-
trator on the consumer portal may add one of more producer
portals to the consumer portal. Each added producer portal
may be represented by a producer object that represents a
connection instance to the remote site of the producer portal.

(8) Check producer alias on consumer portal: In one
embodiment, each producer object has a single, unique alias.
The producer alias is used in various user interfaces in the
consumer portal to identify the producer portal. When a con-
sumer portal consumes content from a producer portal, the
corresponding content objects generated on the consumer
portal contain a reference to the source producer portal; this
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reference is the producer alias. This alias is generally auto-
matically generated when a producer portal is added by a
consumer portal.

(9) Test connection from consumer portal to producer por-
tal: The connectivity between the consumer portal and the
producer portal may be checked.

(10) Register a consumer portal: An administrator on a
portal may register the portal as a consumer portal with a
producer portal that has been added by the consumer portal
(in (7)). Current registration status of the consumer portal
may also be viewed. In one embodiment, a consumer portal
has to register with the producer portal before being able to
use content exposed by the producer portal. Some producers
may also request that certain parameters be configured by the
registering consumer portal as part of the registration process.

(11) Assign permissions on consumer portal: An adminis-
trator on the consumer portal may assign administrator per-
missions for producer objects so that other administrators on
the consumer portal can perform various tasks related to the
producer portal. The levels of permission may be different
and determine which tasks an administrator can perform.
Permissions assigned to shared content by the administrator
on the producer portal also determine the tasks that adminis-
trators can perform on the consumer portal. The administrator
on the consumer portal may also assign permissions to pro-
ducer objects to end users to enable them to run content at
runtime.

(12) Browse shared contents on the producer portal and
identify content to be copied to the consumer portal: An
administrator on the consumer portal may browse the Portal
Content Catalog of a remote producer portal for shared con-
tent objects and select content for which remote delta links are
to be created. Remote delta link objects corresponding to the
selected content from the producer portal are then created on
the consumer portal. The select content from the producer
portal may be a content object such as a role, workset, page,
iView, business objects, etc. or folders comprising one or
more content objects or other folders.

(13) Customize copied objects on the consumer portal:
Once remote delta link objects have been created on a con-
sumer portal, the remote delta link objects may optionally be
customized or modified by the administrator or the end user.
Customization includes changing one or more attributes of a
remote delta link object.

Various assignments may be made on the consumer portal
such as assigning remote-based iViews and pages to local
pages, assigning remote-based pages (and iViews) to local
worksets and roles, assigning remote-based worksets to local
roles, assigning remote-based roles to local users and groups,
etc. The copied objects may be edited.

(14) Assign end-user permissions to a producer object and
content on a consumer portal: End-user permission enables
users to run content at runtime. Just as end users require
end-user permission to run local content on the consumer
portal, they also need end-user permission for content origi-
nating from a remote producer portal. Permissions may be
assigned to an end-user to a producer portal and the remote-
based local content on the consumer portal for the producer
portal.

(15) User authentication techniques on the producer portal:
Various different techniques may be used by a producer portal
to authenticate users of the consumer portal logging into the
producer portal. These techniques may include single sign-on
techniques with logon tickets, with user ID and password, etc.
A consumer portal may create a logon ticket and forward it to
the client (user). The ticket may then be sent by the client’s
browser to the producer portal for authentication and logon.
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A target object created on the consumer portal provides a
link to the source object on the remote producer portal and
inherits the properties of the corresponding source object. As
a result, any change made to the source object is automati-
cally reflected in the target object due to the inheritance. Delta
link behavior thus applies to remote delta link content,
whereby the source object resides on the producer portal and
the target object resides on the consumer portal. A remote
delta link behaves similarly to a local delta link in the per-
spective of attribute inheritance. If an attribute is modified in
a source object on the producer portal, the modification is
applied to the same attribute in the corresponding remote
delta link target object on the consumer portal. In one embodi-
ment, the producer portal automatically updates content
modifications made to source objects with their correspond-
ing target delta link objects on the consumer portal once every
hour. The time interval is user configurable on the consumer
portal.

A remote delta link object may be customized on the con-
sumer portal. For example, an attribute of the remote delta
link object may be modified on the consumer portal. When an
attribute of a remote delta link target object is modified, the
delta link inheritance of that attribute between the target
object on the consumer portal and its source object on the
producer portal is broken. Any subsequent modifications that
are made to the same attribute in the source object on the
producer portal are no longer updated in the target object on
the consumer. This enables modifications made to a remote
delta link object on the consumer portal to be preserved. The
inheritance for a modified attribute on the target object may
be restored so that updates to the attribute in the source object
are reflected in the target object for that property.

In one embodiment, a tool such as a Property Editor may be
provided for changing a property attribute of remote delta link
objects on the consumer portal. The Property Editor may
provide a user interface for displaying remote delta link
objects and their properties. The Property Editor may display
properties that have been modified with a special marking to
enable a user to quickly identify them from properties that
still inherit from the source objects. The Property Editor may
also enable a user to reset or restore a property of a remote
delta link object such that it inherits the property value from
the corresponding source object on the producer portal.

In one embodiment, modification data comprising infor-
mation related to changes made to a remote delta link object
on the consumer portal by an administrator or end user of the
consumer portal is stored on the producer portal. State infor-
mation comprising information related to the state of aremote
delta link object, including information related to modifica-
tions, if any, made to the remote delta link object, are com-
municated from the consumer portal to the producer portal
and stored on the producer portal. This information is then
used by the producer portal during runtime execution. This
improves the runtime performance and reduces the amount of
content data that has to be communicated from the consumer
portal to the producer portal. In one embodiment, the modi-
fication data is kept as hidden content on producer portal.
Once a baseline modification data is stored on the producer
portal, subsequently, only deltas (changes from a previous
state communicated from the consumer portal to the producer
portal) are sent over from the consumer portal to the producer
portal and then stored on the producer portal. This reduces the
amount of data that is communicated between the consumer
portal and the producer portal. The changes are synchronized
at runtime if any modifications were done on the consumer
since the last update done to the producer.
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As indicated above, an administrator on the consumer por-
tal may select a folder stored on a producer portal for copying
via the remote delta link mechanism. The selected folder on
the producer portal may comprise one or more content objects
including one or more folders. In one embodiment, copying a
folder involves special processing. In one embodiment, a
remote delta link object on the consumer portal can have only
one source object. In such an embodiment, if a folder is to be
copied from the producer portal and the folder contains
objects that have local delta links between them, the delta link
is not regenerated between the corresponding remote delta
link objects created on the consumer portal. Instead, each
remote delta link object created on the consumer portal has a
remote delta link that points to its corresponding source
object on the producer portal. Once the remote delta link
objects have been created on the consumer portal, they may
be managed as local objects.

For example, in one scenario, a unit iView (iViewA) may
be embedded as a local delta link to another iView (iViewB)
in Page 1 stored on a producer portal. Both iViewA and Page
1 may be located in the same Portal Content Directory (PCD)
folder on the producer portal. An administrator on a consumer
portal may select the folder for copying to the consumer
portal using the remote delta links mechanism. As a result of
the copy, matching remote delta link objects are created on the
consumer portal: iViewC corresponding to iViewA, iViewD
corresponding to iViewB, and Page 2 corresponding to Page
1 on the producer portal. There is no delta link between
iViewC and iViewD on the consumer portal (even though
there is a delta link between iViewA and iViewB on the
producer portal). Instead, remote delta links between objects
on the producer portal and objects on the consumer portal are
generated.

Subsequently, if an administrator on the producer portal
modifies iViewA, then iViewB on the producer portal and
iViewC on the consumer portal are automatically updated as
adirect result. The iViewD is also updated as a result of iView
B being updated. If the administrator on the producer portal
modifies iViewB, then only iViewD on the consumer portal is
updated. The iViewC on the consumer portal does not receive
this update. If the administrator on the consumer portal modi-
fies iView C, then none of the remaining iViews are updated
since 1ViewD was never a delta link of iViewC. If the admin-
istrator on the consumer portal modifies iViewD, then none of
the remaining iViews are updated. If the administrator on the
producer portal adds or removes an iView in Page 1, the
changes are updated in Page 2 on the consumer portal.

FIG. 3 depicts a simplified high-level runtime flow for
content retrieval and rendering activities according to an
embodiment of the present invention. The processing
depicted in FIG. 3 may be performed by software modules
(program of code, instructions) executed by a processor,
hardware modules, or combinations thereof. The software
modules may be stored on a computer-readable medium. The
runtime flow depicted in FIG. 3 is merely illustrative of an
embodiment of the present invention and is not intended to
limit the scope of the present invention. Other variations,
modifications, and alternatives are also within the scope of the
present invention.

As depicted in FIG. 3, the players involved in the process-
ing include a browser 300 (or any other client program used
for requesting content from a portal ) running on a user system
and displaying content from a consumer portal 302, a con-
sumer portal 302, and a producer portal 304. The content
displayed by browser 300 may be a page 306 locally provided
by consumer portal 302 and containing an embedded remote
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delta link iView from producer portal 304. In order to render
the page, the remote content has to be fetched from producer
portal 304.

Processing may be initiated when a user opens a browser
300 on a user system and enters the URL of consumer portal
302 and requests some content and framework from con-
sumer portal 302 (step 1). As part of step 1, browser 300 may
open a web page and request content to be rendered in the web
page from consumer portal 302. The web page may comprise
local content offered by consumer portal 302 and one or more
remote delta link objects corresponding to remote content
stored on producer portal 304. Accordingly, the processing in
FIG. 3 depicts a method of displaying the web page. Some of
the content requested by browser 300 may be available on
consumer portal 302, while other content may correspond to
remote delta links and thus come from remote producer portal
304.

Upon receiving the content request, consumer portal 302
builds navigation and local content. (step 2). As part of step
(2), consumer portal 302 may also determine the state of
remote delta link objects on consumer portal 302, including
information related to any modifications to the remote delta
link objects made at consumer portal 302. In one embodi-
ment, the state information for a remote delta link object may
include information related to all the attributes of the remote
delta link object. In another embodiment, consumer portal
302 may determine only changes to the attributes of a remote
delta link object since a previous state exchange with pro-
ducer portal 304 and the state information may comprise only
these changes. This reduces the amount of information
included in the state information that is communicated from
consumer portal 302 to browser 300. A flag may be associated
with aremote delta link object to indicate if any modifications
were done to the remote delta link object. For example, the
flag may be set when an attribute is modified on the consumer
portal since the last communication of the state information
for the remote delta link object to the producer portal. In one
embodiment, a digest or index is created encapsulating the
state information.

The navigation, the content from consumer portal 302, a
URL redirect to the remote content, and the state information
are communicated to browser 300 from consumer portal 302
(step 3). Browser 300 then requests the remote content from
producer portal 304 using the URL redirect received from
consumer portal 302 in step (3) (step 4). The state information
received from consumer portal 302 is transferred to producer
portal 304 as part of step (4). As a result, after step (4),
producer portal 304 knows the state of the content of remote
delta links objects on consumer portal 302 and whether the
state has changed from a prior state known to producer portal
304.

Because the remote content might have been modified
(e.g., attributes of one or more remote delta link objects
corresponding to the requested remote content may have been
changed on the consumer portal) on consumer portal 302,
producer portal 304 requests the changed properties from
consumer portal 302 (step 5). This generally is done only once
and subsequently producer portal 304 can determine the
changes from the state information received in step (4). In
response to the request from producer portal 304 in step (5),
consumer portal 302 sends the remote delta link object
attributes information to producer portal 304 (step 6). In one
embodiment, consumer portal 302 determines those
attributes of the remote delta link objects that have changed
since a previous exchange with producer portal 304 and sends
only the changed attributes (i.e., the delta change from a
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previous exchange) to producer portal 304. This optimizes the
amount of information that is communicated to producer
portal 304.

On producer portal 304, the attributes of the remote delta
link objects from the consumer portal and producer portal are
integrated/merged for the remote delta link objects (step 7). In
this manner, in step (7), producer portal 304 aggregates the
latest local content from the source objects on producer portal
304 corresponding to the remote delta link objects with the
customizations, if any, done on consumer portal 302 on the
remote delta link target objects. The result of the aggregation
is a fully resolved content (or integrated content) that reflects
the content from producer portal 304 along with customiza-
tions, if any, made on consumer portal 302. As part of step 7,
producer portal 304 compares the attributes of the remote
delta link objects on consumer portal 302 and corresponding
source objects on producer portal 304.

The fully resolved content (or integrated content) resulting
from step (7) is then sent back to browser 300 from producer
portal 304 (step 8). The content received from producer portal
304 is integrated with the local content received by browser
300 from consumer portal 302 in step (3) and rendered in the
web page (step 9).

In the manner described above, a continuous experience is
provided for the end user with the local content on consumer
portal 302 being integrated with remote content from pro-
ducer portal 304 while preserving the changes or customiza-
tions performed to the remote content on consumer portal
302. Embodiments of the present invention thus support
mixed scenarios of local and remote content running together
on the consumer portal. Remote-based content from different
producer portals may be mixed in a local page or role on a
consumer portal. Further, the remote content is executed on
the producer portal. For example, remote delta link pages are
executed at runtime on the producer portal.

As described above, a remote delta link object on a con-
sumer portal provides a remote link to source object on a
producer portal. The remote link behaves similarly to a local
delta link in the perspective of attribute inheritance. The
remote delta link objects on the consumer portal are thus kept
synchronized with the changes made to the corresponding
source objects on the producer portal. The link inherits the
attributes of the source object unless it is overridden by a
change to the remote delta link object on the consumer portal.
The application executing the remote content resides and
executes on the producer portal. During runtime, the modifi-
cations, if any, done to a remote delta link object on the
consumer portal are fetched by the framework and provided
to the producer portal such that the producer portal can inte-
grate the modifications with the remote content and provide
the resolved content to a client such as a browser.

Standard transport services (e.g., standard export and
import services provided by portals) may be used to move
content between a producer portal and a consumer portal,
while keeping remote delta links intact between the producer
portal and the consumer portal following the transport. This
allows flexible transport of portal content between the pro-
ducer portal and the consumer portal.

In one embodiment, when remote delta link objects are to
be created for a set of source objects stored on the producer
portal, the source objects that are referenced by the remote
delta link objects are marshaled during design-time into ver-
sion-independent objects that are then transported from the
producer portal to the consumer portal. On the consumer
portal side, the objects are un-marshaled and stored in a
hidden space on the consumer portal. For example, the un-
marshaled objects may be stored in a hidden space of the
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consumer portal PCD. Remote delta link objects are then
created in the PCD (in the regular space) with local delta links
to the un-marshaled objects stored in the hidden space. The
remote delta link objects may then be customized on the
consumer portal. During runtime, the state of a remote delta
link object is communicated to the producer portal. The state
information may include information for all the attributes of
the remote delta link object or only information related to
attributes that have changed since a previous state communi-
cation to the producer portal. The state information for the
remote delta link objects is stored on the producer portal and
used for generating integrated content in response to a content
request. The integrated content that is generated is such that it
reflects the source object content and any modifications made
to the corresponding remote delta link object on the consumer
portal.

Embodiments of the present invention thus provide ver-
sion-free support. Because objects passed over the network
are generated as protocol objects—a protocol which is main-
tained compatible between versions—portals at different ver-
sions may share content using the remote delta link mecha-
nism. Producer portals and consumer portals may be at
different versions.

FIGS. 4, 5, and 6 depict examples of design time and
runtime relationships between objects on a producer portal
and a consumer portal according to an embodiment of the
present invention. In FIG. 4, a remote delta link is created of
aniView residing on a producer portal. As depicted in FIG. 4,
a content iView object iView1 exists as a local entity on a
producer portal and executes an application residing on the
same producer portal. At design time, an administrator on a
consumer portal may create a remote delta link objectiViewA
based upon content object iView1. The administrator on the
consumer portal may then assign iViewA' as a delta link to a
local role “Role A” on the consumer portal. At runtime, when
users assigned to Role A log on to the consumer portal, the
execution of iViewA' in Role A passes through iViewA,
which executes iView1 on the producer portal.

In FIG. 5, a remote delta link is created of a single page
object. As depicted in FIG. 5, a content object iView1 exists as
alocal entity on a producer portal and executes an application
residing on the same producer portal. A content object Page 1
on the producer portal contains iView1', which is a delta link
of iViewl. At design time, an administrator on a consumer
portal may create a remote delta link page object (Page A) on
the consumer portal based on Page 1 on the producer portal.
The administrator on the consumer portal may assign Page A
to alocal role (Role A). When users assigned to Role A log on
to the consumer portal at runtime, the execution of iView A' in
Role A passes through Page A (and iView A), which in turn
executes Page 1, iView1', and iView1 on the producer portal.
The execution of portal components for Page A and its layouts
take place on the producer portal.

In FIG. 6, a remote delta link is created for a single role. As
depicted in FIG. 6, a content object iView1 exists as a local
entity on a producer portal and executes an application resid-
ing on the same producer portal. Page 1 on the producer portal
contains 1iViewl', which is a delta link of iViewl. On the
producer portal, Page 1 is assigned as a delta link to Role 1. At
design time, an administrator on a consumer portal may cre-
ate a remote delta link object (Role A) based on Role 1. The
administrator on the consumer portal may then assign users to
Role A. When the assigned users log on to the consumer
portal, the execution of the role and its content takes place on
the producer portal at runtime.

According to an embodiment of the present invention,
remote delta link objects and their links to source objects are
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automatically set up when a package (e.g., an ERP package)
is deployed to a consumer portal. When a package is
deployed, processing for copying source objects from a pro-
ducer portal to a consumer portal as remote delta link objects
is performed automatically. Once a business package is
deployed on the producer and a landscape configured cor-
rectly, deployment of the content on the consumer triggers
automatic delta link creation. In one embodiment, the busi-
ness package’s contents are marked to symbolize it as a
potential remote delta link and this triggers the automatic
remote delta link creation when the package is deployed.

FIG. 7 is a simplified block diagram of a computer system
700 that may be used to practice an embodiment of the present
invention. Computer system 700 may serve as the platform
for a producer portal or a consumer portal. Computer system
700 may also be used as a user system. As shown in FIG. 7,
computer system 700 includes a processor 702 that commu-
nicates with a number of peripheral subsystems via a bus
subsystem 704. These peripheral subsystems may include a
storage subsystem 706, comprising a memory subsystem 708
and a file storage subsystem 710, user interface input devices
712, user interface output devices 714, and a network inter-
face subsystem 716.

Bus subsystem 704 provides a mechanism for letting the
various components and subsystems of computer system 700
communicate with each other as intended. Although bus sub-
system 704 is shown schematically as a single bus, alternative
embodiments of the bus subsystem may utilize multiple bus-
ses.

Network interface subsystem 716 provides an interface to
other computer systems, networks, and portals. Network
interface subsystem 716 serves as an interface for receiving
data from and transmitting data to other systems from com-
puter system 700.

User interface input devices 712 may include a keyboard,
pointing devices such as a mouse, trackball, touchpad, or
graphics tablet, a scanner, a barcode scanner, a touchscreen
incorporated into the display, audio input devices such as
voice recognition systems, microphones, and other types of
input devices. In general, use of the term “input device” is
intended to include all possible types of devices and mecha-
nisms for inputting information to computer system 700.

User interface output devices 714 may include a display
subsystem, a printer, a fax machine, or non-visual displays
such as audio output devices, etc. The display subsystem may
be a cathode ray tube (CRT), a flat-panel device such as a
liquid crystal display (LCD), or a projection device. In gen-
eral, use of the term “output device” is intended to include all
possible types of devices and mechanisms for outputting
information from computer system 700.

Storage subsystem 706 may be configured to store the
basic programming and data constructs that provide the func-
tionality of the present invention. Software (code modules or
instructions) that provides the functionality of the present
invention may be stored in storage subsystem 706. These
software modules or instructions may be executed by proces-
sor(s) 702. Storage subsystem 706 may also provide a reposi-
tory for storing data used in accordance with the present
invention. Storage subsystem 706 may comprise memory
subsystem 708 and file/disk storage subsystem 710.

Memory subsystem 708 may include a number of memo-
ries including a main random access memory (RAM) 718 for
storage of instructions and data during program execution and
a read only memory (ROM) 720 in which fixed instructions
are stored. File storage subsystem 710 provides persistent
(non-volatile) storage for program and data files, and may
include a hard disk drive, a floppy disk drive along with
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associated removable media, a Compact Disk Read Only
Memory (CD-ROM) drive, an optical drive, removable media
cartridges, and other like storage media.

Computer system 700 can be of various types including a
personal computer, a portable computer, a workstation, a
network computer, a mainframe, a kiosk, a server or any other
data processing system. Due to the ever-changing nature of
computers and networks, the description of computer system
700 depicted in FIG. 7 is intended only as a specific example
for purposes of illustrating the preferred embodiment of the
computer system. Many other configurations having more or
fewer components than the system depicted in FIG. 7 are
possible.

The remote delta link technique, as described above, may
be used in a distributed portals environment to share content
between portals. For example, the distributed environment
may comprise multiple portals such as a portal for running BI
Java, a corporate portal, different ERP portals (to separate
content and functionality), separate portals for running busi-
ness-critical applications and non-business content, portals
for different business units and departments, portals for com-
pany employees, and the like. Embodiments of the present
invention provide a powerful and efficient way for sharing
content between different portals.

Although specific embodiments of the invention have been
described, various modifications, alterations, alternative con-
structions, and equivalents are also encompassed within the
scope of the invention. The described invention is not
restricted to operation within certain specific data processing
environments, but is free to operate within a plurality of data
processing environments. Additionally, although the present
invention has been described using a particular series of trans-
actions and steps, it should be apparent to those skilled in the
art that the scope of the present invention is not limited to the
described series of transactions and steps.

Further, while the present invention has been described
using a particular combination of hardware and software, it
should be recognized that other combinations of hardware
and software are also within the scope of the present inven-
tion. The present invention may be implemented using hard-
ware, software, or combinations thereof.

The specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense. It
will, however, be evident that additions, subtractions, dele-
tions, and other modifications and changes may be made
thereunto without departing from the broader spirit and scope
of the invention as set forth in the claim.

What is claimed is:
1. A method of sharing content between portals, the
method comprising:

creating a first object on a first portal, the first object cor-
responding to a second object stored on a second portal
remote from the first portal;

determining that an attribute A of the first object was modi-
fied on the first portal by a user to create attribute Al;

determining that an attribute B of the first object was not
modified on the first portal by the user;

determining that attributes A and B of the second object
have both changed at the second portal to create
attributes A2 and B2;

receiving, at the first portal, a request from a client for
content corresponding to the first object;

responsive to the request, determining a state of the first
object at the first portal, the state including information
related to the one or more modifications to the one or
more attributes of the first object made at the first portal;
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communicating the state of the first object from the first

portal to the client;

communicating the state of the first object from the client to

the second portal;

receiving, at the second portal, the state of the first object

from the client;

responsive to the state of the first object, transmitting, from

the second portal to the first portal, a request for attribute
Al;

receiving, at the second portal from the first portal, the

attribute Al;

determining, at the second portal, integrated content based

upon the state of the first object and the second object on
the second portal; and

providing the integrated content from the second portal to

the client responsive to the request, wherein the inte-
grated content reflects content corresponding to
attributes Al and B2.

2. The method of claim 1 wherein creating the first object
comprises receiving information indicative of selection of the
second object from a set of objects stored by the second
portal.

3. The method of claim 2 wherein the set of objects is stored
in a portal content directory of the second portal and the first
object is stored in a portal content directory of the first portal.

4. The method of claim 1 wherein the client is a browser.

5. The method of claim 1 wherein the second object is at
least one of a portal snippet, a role, a workset, and a page.

6. A non-transitory, computer-readable medium storing a
plurality of instructions for controlling a data processor to
facilitate sharing of content between portals, the instructions,
when executed by a processor, cause the processor to perform
a method comprising:

creating a first object on a first portal, the first object cor-

responding to a second object stored on a second portal
remote from the first portal;

determining that an attribute A of the first object was modi-

fied on the first portal by a user to create attribute Al;
determining that an attribute B of the first object was not
modified on the first portal by the user;

determining that attributes A and B of the second object

have both changed at the second portal to create
attributes A2 and B2;

receiving, at the first portal, a request from a client for
content corresponding to the first object;

responsive to the request, determining a state of the first
object at the first portal, the state including information
related to the one or more modifications to the one or
more attributes of the first object made at the first portal;

communicating the state of the first object from the first
portal to the client;

communicating the state of the first object from the client to
the second portal;

receiving, at the second portal, the state of the first object
from the client;

responsive to the state of the first object, transmitting, from
the second portal to the first portal, a request for attribute
Al;

receiving, at the second portal from the first portal, the
attribute Al;

determining, at the second portal, integrated content based
upon the state of the first object and the second object on
the second portal; and
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providing the integrated content from the second portal to
the client responsive to the request, wherein the inte-
grated content reflects content corresponding to
attributes Al and B2.

7. The non-transitory, computer-readable medium of claim
6 wherein the instructions that cause the data processor to
create the first object further comprise instructions that cause
the data processor to receive information indicative of selec-
tion of the second object from a set of objects stored by the
second portal.

18

8. The non-transitory, computer-readable medium of claim
7 wherein the set of objects is stored in a portal content
directory of the second portal and the first object is stored in
a portal content directory of the first portal.

9. The non-transitory, computer-readable medium of claim
6 wherein the client is a browser.

10. The non-transitory, computer-readable medium of
claim 6 wherein the second object is at least one of a portal
snippet, a role, a workset, and a page.
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